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DESCRIPTION 
PROCESS FOR PRODUCING RADIOACTIVE- FLUORINE- 
LABELED COMPOUND 



TECHNICAL FIELD 
[0001] 

The present invention relates to a process 
for producing a radioactive-f luorine-labelecl compound 
5 and a production apparatus thereof. Specifically, the 
present invention relates to a process for producing a 
radioactive-fluorine-labeled compound, and an apparatus 
for production thereof, which can provide 2- [ 18 F] f luoro- 
2-deoxy-D-glucose (hereinafter abbreviated as [ 18 F]- 
10 FDG) , and other fluorine compounds in a high yield. 

BACKGROUND ART 
[0002] 

In the past various proposals have been made 
regarding processes for producing [ 18 F]-FDG and the 

15 [ 18 F]-FDG intermediate 1 , 3 , .4 , 6-tetra-0-acetyl-2- 

[ 18 F] fluoro-2-deoxy-D-glucose (hereinafter, [ 18 F] -TAFDG) , 
which are known as active ingredients of 
pharmaceuticals used in PET (Positron Emission 
Tomography) . For example, known methods include the 

20 Hamacher method, which conducts labeled-compound 
synthesis in a reaction vessel, and the on-column 
method which conducts labeled-compound synthesis in a 



column . 
[0003] 

In the Hamacher method (Non-Patent Document 
1), first, [ 18 0] water containing [ 18 F] fluoride ions is 
passed through a column packed with an anion-exchange 
resin to capture the [ 18 F] fluoride ions. Next, aqueous 
potassium carbonate is introduced into the column to 
elute the [ 18 F] fluoride ions in the column, and the 
resulting solution is recovered in a reaction vessel. 
This reaction vessel is introduced with an acetonitrile 
solution of aminopolyether (Kryptofix 222) as a phase 
transfer catalyst, and the vessel contents are 
evaporated to dryness. An acetonitrile solution of the 
substrate 1,3,4, 6-tetra-0-acetyl-2-0- 
trif luoromethanesulf onyl-p-.D-mannopyranose 
(hereinafter, TATM) is introduced - thereto, whereby the 
radioactive-fluorine-labeled intermediate compound 
[ 18 F] -TAFDG is obtained. This intermediate is 
hydrolyzed and the resulting product then purified to 
obtain [ 18 F]-FDG. 
[0004] 

However, in the Hamacher method there are a 
large number of steps in the operating procedure and 
too much time is required for synthesis, which results 
in the decay of [ 18 F] over time (half-life of 109.7 
minutes) during production. As a consequence, there is 
the problem that the [ 18 F] fluorine compound yield 
decreases. In addition, in the Hamacher method, since 



a toxic aminopolyether is employed, there is the 
problem that an operation for removing the 
aminopolyether is required when using as a 
pharmaceutical, which makes the procedure more complex. 
[0005] 

On the other hand, the on-column method is a 
method wherein [ 18 F] -TAFDG is produced by directly 
introducing an acetonitrile solution of TATM into a 
column in which [ 18 F] fluoride ions have been captured. 
Disclosed examples include a method for producing [ 18 F]- 
TAFDG by packing a resin having a phosphonium salt into 
a column, introducing [ 18 0] water containing [ 18 F] 
fluoride ions into this column to thereby capture the 
[ 18 F] fluoride ions, and then, after dehydrating with 
acetonitrile, adding an acetonitrile solution of TATM 
(Patent Document 1) . 

Non-Patent Document 1: Appl. Radiat. Isot. 
Vol. 41, no. 1, pp. 49-55 (1990) 

Patent Document 1: JP-A-08-325169 

[0006] 

However, the on-column process of production 
has the problem that a sufficient yield of production 
cannot be obtained. For example, in the process 
disclosed in Patent Document 1, FDG yield is reported 
as being 61%. In order to industrially produce a 
radioactive-fluorine-labeled compound, it is necessary 
to employ a method having a higher production yield, 
but no such methods have yet been disclosed. 
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The present invention was created in view o 
the above-described matters, and it is thus an object 
of the present invention to provide a process which c< 
produce various radioactive-fluorine-labeled compound: 
in a high yield for an on-column method. 
[0007] 

Further, in addition to static-type targets 
which treat a few grams of water, circulating-type 
targets which can treat a larger amount of water have 
been developed in recent years. Based on this, it has 
become possible to produce [ 18 0] water containing [ 18 F] 
fluoride ions in large quantities of 10 mL or more. 1 
view of this technical background, there is a need for 
a process which can produce in a high yield a 
radioactive-fluorine-labeled compound even in cases 
where a large quantity of [ 18 0] water containing [ 18 F] 
fluoride ions is used. It is therefore an object of 
the present invention to provide a process which can 
obtain a radioactive-fluorine-labeled compound at a 
good yield and reliably, even in cases where a large 
quantity of [ ls O] water containing [ 18 F] fluoride ions i 
used . 

DISCLOSURE OF THE INVENTION 
[0008] 

As a result of diligent investigation, the 
present inventors arrived at the present invention 
that, in an on-column method, the above-described 



problems could be resolved by conducting a step of 
passing carbon dioxide gas through a column in between 
the step of dehydrating the resin of the column in 
which [ 18 F] fluoride ions have been captured and the 
step of introducing a reaction substrate into the 
column . 
[0009] 

That is, the present invention provides a 
process for producing a radioactive-fluorine-labeled 
compound comprising the steps of introducing [ 18 0] water 
containing [ 18 F] fluoride ions into a column packed with 
an anion-exchange resin for labeled-compound synthesis 
to capture, the [ 18 F] fluoride ions; dehydrating the 
packed resin of the column; and obtaining a 
radioactive-fluorine-labeled compound by introducing a 
reaction substrate into the column to cause a 
displacement reaction between the [ 18 F] fluoride ion 
captured in the column and the leaving group of the 
reaction substrate, characterized by further comprising 
a step of passing carbon dioxide gas through the column 
between the step of dehydrating the resin of the column 
and the step of introducing the reaction substrate. 

Although various conditions can be employed 
for passing the carbon dioxide gas, it is preferable to 
pass through the column while maintaining between 60 
and 130°C, and it is also preferable to pass through at 
a flow rate of between 1.0 and 1,000 mL/min for 1 to 15 
minutes . 
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[0010] 

The anion-exchange resin for labeled-compound 
synthesis used in the present invention is preferably 
at least one represented by the formulae (1) to (3) 
5 shown below particularly, a resin having Z~ selected 
from HCCV or C0 3 2 " in the formulae (1) to (3) is more 
preferable. 



Y 

A-IST-Y Z~ (1) 
Y 

Y 

A _p+_Y Z - (2) 
I 

Y 

A^")^ Z ~ " (3) 

wherein A represents a carrier, Y represents a 
monovalent hydrocarbon group having 1 to 8 carbon 
10 atoms, and Z" represents an exchange group. 
[0011] 

According to another aspect of the present 
invention, a production apparatus for a radioactive- 
fluorine-labeled compound is provided, which comprises 
15 as constituent features: means for introducing [ 18 0] 

water containing [ 18 F] fluoride ions from a target box 
into a resin column for labeled-compound synthesis; and 
a resin column for labeled-compound synthesis for 



capturing [ 18 F] fluoride ions from [ 18 0] water containing 
[ 18 F] fluoride ions introduced from the target box, and 
then carrying out a labeling reaction with a reaction 
substrate; characterized by comprising a carbon dioxide 
gas supply source for introducing carbon dioxide gas 
into the resin column for labeled-compound synthesis 
and a discharge outlet. 

The apparatus according to the present 
invention may also comprise as constituent features a 
reaction vessel for conducting a deprotection step of 
an intermediate product obtained from the labeling 
reaction, and an ion-retardation resin column for 
purifying the product obtained from the deprotection 
step . 
[0012] 

The carbon dioxide gas supply source is not 
particularly limited, as long as carbon dioxide gas can 
be directly introduced into the resin column for 
labeled-compound synthesis, although it is preferably 
directly connected to the resin column for labeled- 
compound synthesis . 

The production apparatus for a radioactive- 
fluorine-labeled compound according to the present 
invention preferably further comprises means for 
heating the resin column for labeled-compound 
synthesis . 
[0013] 

In the production apparatus for a 
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radioactive-fluorine-labeled compound according to the 
present invention, it is preferable that at least one 
kind of resin represented by the above formulae (1) to 
(3) is packed into the resin column for labeled- 
compound synthesis, wherein it is more preferable that 
the Z" in the formulae is selected from HC0 3 " or C0 3 2 ~. 
[0014] 

The process for producing a radioactive- 
fluorine-labeled compound according to the present 
invention can provide a radioactive-fluorine-labeled 
compound, such as [ 18 F]-FDG or the like, in a high yield 
and with a high reliability. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0045] 

Fig. 1 is a schematic view illustrating the 
production apparatus according to an example of the 
present invention; and 

Fig. 2 is a representative example of a TLC 

chart . 

DESCRIPTION OF SYMBOLS 
[0046] 



1 Target box 

2 Target water container 

3 Syringe pump 

4 Flow channel switching valve 

5 Resin column for labeled-compound synthesis 
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Recovery container 



7 



Dehydrating solvent container 



8 



Waste liquid container 



9 



Reaction substrate container 



10 



Reaction vessel 



11 



Ion-retardation resin column 



12 



Purification column. 



BEST MODE FOR CARRYING OUT THE INVENTION 
[0015] 

The production process according to the 
present invention will now be described in more detail. 

The production process according to the 
present invention can be classified as a so-called on- 
column production, from the fact that [ ia O] water 
containing [ 18 F] fluoride ions is introduced into a 
column, whereby [ 18 F] fluoride ions are captured in the 
column for labeled-compound synthesis to take place in 
the column. Here, the [ 18 0] water containing [ 18 F] 
fluoride ions can be produced by following an ordinary 
method, and can be obtained, for example, by subjecting 
[ 18 0] water to proton irradiation as a target. 
[0016] 

Next, the production process of the 
radioactive-fluorine-labeled compound according to the 
present invention will be explained with reference to 
the drawings. Fig. 1 is a schematic explanatory 
diagram illustrating one example of the apparatus 



according to the present invention. In Fig. 1, 
reference numeral 1 denotes a target box, reference 
numeral 2 denotes a target water container, reference 
numeral 3 denotes a syringe pump, reference numeral 4 
denotes a flow channel switching valve, reference 
numeral 5 denotes a resin column for labeled-compound 
synthesis, reference numeral 6 denotes a recovery 
container, reference numeral 7 denotes a dehydrating 
solvent container, reference numeral 8 denotes a waste 
liquid container, reference numeral 9 denotes a 
reaction substrate container, reference numeral 10 
denotes a reaction vessel, reference numeral 11 denotes 
an ion-retardation resin column, and reference numeral 
12 denotes a purification column. 
[0017] 

The apparatus illustrated in Fig. 1 comprises 
the constituent elements of a target water container 2 
which recovers [ 18 0] water containing [ 18 F] fluoride ions 
from the target box 1; a resin column for labeled- 
compound synthesis 5 wherein [ 18 F] ' fluoride ions from 
the [ 18 0] water containing [ 18 F] fluoride ions introduced 
from the target water container 2 are captured for a 
subsequent labeling reaction with the reaction 
substrate; a reaction vessel 10 for carrying out a 
deprotection step of the intermediate products obtained 
from the labeling reaction; and an ion-retardation 
resin column 11 for purifying the products obtained 
from the deprotection reaction. 



In the apparatus illustrated in Fig. 1, the 
dehydrating solvent container 7 and the reaction 
substrate container 9 are connected between the target 
water container 2 and the resin column for labeled- 
compound synthesis 5, and the recovery container 6 and 
the waste liquid container 8 are connected between the 
resin column for labeled-compound synthesis 5 and the 
reaction vessel 10. The supply source for the carbon 
dioxide gas is connected on the immediate upper stream 
side of the resin column for labeled-compound synthesis 
5, so that carbon dioxide gas can be directly 
introduced into the resin column for labeled-compound 
synthesis 5. 

In addition, a supply inlet 21a for supplying 
pumping gas is provided upstream of the dehydrating 
solvent container 7 and reaction substrate container 9, 
a discharge outlet 21b for the gas is provided 
downstream of the ion-retardation resin column 11, and 
a discharge outlet 21c is provided upstream of the ion- 
retardation resin column 11. 
[0018] 

In the first step of the production process 
according to the present invention, [ 18 0] water 
containing [ 18 F] fluoride ions is introduced into the 
resin column for labeled-compound synthesis 5 to 
capture [ 18 F] fluoride ions. 

Explaining this step by referring to Fig. 1, 
first, [ 18 0] water containing [ 18 F] fluoride ions is 
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introduced into the target water container 2 from the 
target box 1. Next, by adjusting the flow channel 
switching valve 4 and operating the syringe pump 3, 
[ 18 0] water containing [ 18 F] fluoride ions is passed 
through the resin column for labeled-compound synthesis 
5 from the target water container 2. At the resin 
column for labeled-compound synthesis 5, [ 18 F] fluoride 
ions are captured by the packed anion-exchange resin 
for labeled-compound synthesis. The [ 18 0] water from 
which the [ 18 F] fluoride ions have been captured is 
discharged out of the column by a pumping gas such as 
helium gas or nitrogen gas introduced from the supply 
inlet 21a, and is then received in the recovery 
container 6 for recycling. 
[0019] 

In the production process according to the 
present invention, a known resin may be employed as the 
anion-exchange resin used in labeled-compound 
synthesis. Examples which can be used include at least 
one kind of resin represented by the formulae (1) to 
(3) shown below, 
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[0020] 

Y 

A-N + -Y Z" (1) 
Y 

Y 
i 

A-p + -Y Z " (2) 
I 

Y 




wherein A represents a carrier, Y represents a 
monovalent hydrocarbon group having 1 to 8 carbon 
atoms, and Z~ represents an exchange group. 
5 [0021] 

Specific examples of the anion-exchange resin 
for labeled-compound synthesis used in the present 
invention include the resins represented by the 
formulae (4) to (9), shown below, 



[0022] 



Y 

<^ ^(CH 2 ) n -N*-Y 2" ... (4) 





/-(CH 2 ) n -p*-Y 2" ..-(5) 
Y 



Y 

^CHjNHCO^H^n — N*-Y 2~ ••• (6 ) 

Y 





R A // CHa NHCO (CH2) " ~ r ~ Y 2 ~ (7) 

Y 





Y 
I 

N* — Y 2" (9) 



wherein n denotes an integer from 1 to 10, Y represents 
a monovalent hydrocarbon group having 1 to 8 carbon 
atoms, R represents a carrier, and Z" represents an 
exchange group. 
[0023] 

Here, n in the above formulae denotes an 
integer from 1 to 10, preferably an integer from 1 to 3 
and most preferably is 1. Further, Y is a monovalent 



hydrocarbon group having 1 to 8 carbon atoms, 
preferably a monovalent hydrocarbon group having 1 to 4 
carbon atoms, and is more preferably a butyl group. 

While R is not particularly limited, it is 
necessary to use a carrier that does not degrade during 
the reaction process nor cause a functional group to 
leave. In addition, it is preferable to use a carrier 
which does not swell or contract very much due to the 
solvent or the like, wherein it is preferable to use a 
carrier whose swelling ratio in the solvent that 
dissolves the reaction substrate is no greater than 
tenfold. Specifically, preferable examples include 
silica gel, a styrene-divinylbenzene copolymer or the 
like. 

Examples of the exchange group Z" include 
bromine, chlorine, HC0 3 ", C0 3 2 " and the like. 
Particularly preferable are C0 3 2 " or HC0 3 ~ . 
[0024] 

Specific examples of the resin column for 
labeled-compound synthesis include especially 
preferably, the TBA (Tributylmethylammonium) resin 
represented by the formulae (10) and (12) shown below, 
the TBP (Tributylmethylphosphonium) resin represented 
by the formulae (11) and (13) shown below, the 4-AP (4- 
(4-methyl-l-piperidinyl) pyridinium) resin represented 
by the formula (14) shown below, and the TMA 
(Trimethylammonium) resin represented by the formula 
(15) shown below. 



[0025] 






C 4 H 9 

/)- (CH 2 ) - - C 4 H, C0 3 2 - (1 0) 

C 4 H 9 

C 4 H» 

<^ /)- < CH 2> — P* - C 4 H, C0 3 2 (1 1) 

C 4 H3 

C 4 H 9 

^ /f- NHCO (CH.) N* C 4 H 9 C0 3 2 " (12) 



C 4 Hg 

NHCO < CH 2> — P + - C0 3 2 ... o 3) 

C 4 H 9 

R-^^C^^^^-N^^-C^ C0 3 2 - - (14) 



CH 3 
I 

N— CH, CO, 2 " (15) 
I 

CH 3 

[0026] 

There are no limitations on the column for 
packing the anion-exchange resin used in the above- 
described labeled-compound synthesis. A column which 
would be used in an ordinary on-column method may be 
employed. For example, the column disclosed in JP-A- 
2003-75650 previously filed by the present applicant 
can be preferably employed. Since that column can 
preferably cope with the expansion and contraction of 



the resin, more of the resin used in the present 
invention can be packed, thereby allowing more [18F]~ 
fluoride ions to be captured at a good yield. 
[0027] 

The packed amount of resin is not especially 
limited, and may be selected as appropriate depending 
on the amount of [ 18 0] water containing [ 18 F] fluoride 
ions to be treated and the inner diameter of the 
column. For example, if treating 10 mL of [ 18 0] water 
containing [ 18 F] fluoride ions using a 6 mm inner 
diameter column, using 0.2 mL of resin is sufficient, 
and if treating 5 mL of [ 18 0] water, using 0.1 mL of 
resin is sufficient. 
[0028] 

In the second step of the production process 
according to the present invention, dehydration of the 
resin column for labeled-compound synthesis 5 is 
performed. Well-known methods may be employed for the 
resin dehydration. Specifically, this can be carried 
out by passing a proper solvent, such as acetonitrile 
or dimethylsulfoxide, through the resin column for 
labeled-compound synthesis 5 in which [ 18 F] fluoride 
ions have been captured. 
[0029] 

By operating the flow channel switching valve 
4, the resin column for labeled-compound synthesis 5 is 
connected with the dehydrating solvent container 7. By 
operating the syringe pump 3, dehydrating solvent is 
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passed through the resin column for labeled-compound 
synthesis 5 in which [ 18 F] fluoride ions have been 
captured from the dehydrating solvent container 7. 
Here, by passing dehydrating solvent through the resin 
column for labeled-compound synthesis 5, the column 
interior is dehydrated. Dehydrating solvent which has 
passed through the column is recovered in the waste 
liquid container 8. Various substances can be employed 
as the dehydrating solvent. In the case of [ 18 F] FDG 
synthesis for example, dry acetonitrile may be 
preferably employed. 

The conditions for passing the dehydrating 
solvent are not particularly limited, and can be 
carried out by introducing for 1 minute at a flow rate 
of 10 mL/min at room temperature. 
[0030] 

In the third step of the production process 
according to the present invention, carbon dioxide gas 
is introduced into the resin column for labeled- 
compound synthesis 5 which has been dehydrated in the 
second step . 

Placement of the carbon dioxide gas supply 
source and discharge outlet is not particularly 
limited, as long as it is possible to charge carbon 
dioxide gas into the resin column for labeled-compound 
synthesis 5. In terms of its purpose, the carbon 
dioxide gas may just be introduced into the resin 
column for labeled-compound synthesis 5, although it is 



preferable to place the supply source and discharge 
outlet on upstream and downstream lines of the resin 
column for labeled-compound synthesis 5. At this 
point, the carbon dioxide gas supply source and 
discharge outlet may respectively be either upstream or 
downstream of the resin column for labeled-compound 
synthesis 5. 

In Fig. 1, the carbon dioxide gas supply 
source is provided immediately upstream of the resin 
column for labeled-compound synthesis 5 via the flow 
channel switching valve 4. In this example, the carbon 
dioxide gas introduced in from the carbon dioxide gas 
supply source passes through the resin column for 
labeled-compound synthesis 5 and is then discharged 
from the discharge outlet 21c. Alternatively, the 
carbon dioxide gas can be discharged by providing a 
separate discharge outlet immediately downstream of the 
resin column for labeled-compound synthesis 5. 
[0031] 

The conditions for introducing the carbon 
dioxide gas are not particularly limited, as long as 
the carbon dioxide gas can be sufficiently introduced 
into the resin column for labeled-compound synthesis 5. 
However, the pressure is preferably set to between 0.01 
and 1 MPa, and is more preferably set to between 0.1 
and 0.3 MPa. The flow rate is preferably set between 
1.0 and 1,000 mL/min, and is more preferably set 
between 400 and 500 mL/min. 
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While passing through the carbon dioxide gas, 
the resin column for labeled-compound synthesis 5 is 
preferably heated from 60 to 130°C using a suitable 
heating means commercially available, such as an oil 
heater, a block heater or a column oven, and more 
preferably from 90 to 100°C. If the column temperature 
is too low, the heat will be undesirably insufficient. 
If it is too high, degradation of the resin or 
subsequently-introduced reaction substrate may occur 
undesirably. 

The time while carbon dioxide gas is flown 
continuously is preferably between 1 and 15 minutes, 
particularly preferably between 2 and 4 minutes. If 
the flowing time is too short, the C0 2 supply will be 
insufficient to supplement which is not desirable. 
[0032] 

By passing carbon dioxide gas through the 
resin column for labeled-compound synthesis 5, a trace 
amount of moisture and the dehydrating solvent, such as 
acetonitrile or dimethylsulf oxide, which remain in the 
column, can be removed, and the C0 2 in the resin which 
has been lost more or less in the first and second 
steps can be supplemented. 
[0033] 

In the fourth step of the production process 
according to the present invention, a reaction 
substrate is introduced into the resin column for 
labeled-compound synthesis 5, and a displacement 



reaction is conducted between the captured [ 18 F] 
fluoride ions and the leaving group of the reaction 
substrate. 

If this is explained using [ 18 F]-FDG as an 
example, first, by adjusting the flow channel switching 
valve 4 and operating the syringe pump 3 while 
maintaining the above-described set temperature, an 
acetonitrile solution of the reaction substrate TATM 
acting as a reaction substrate is introduced into the 
resin column for labeled-compound synthesis 5 from the 
reaction substrate container 9. A displacement 
reaction takes place in the resin column for labeled- 
compound synthesis 5 between the TATM leaving group 0- 
trif luoromethanesulfonyl group and [ 18 F] -fluoride ions, 
whereby the [ 18 F]-FDG intermediate [ 18 F] -TAFDG is formed. 
Subsequently, the [ 18 F] -TAFDG and the acetonitrile 
solution are introduced into the reaction vessel 10. 
[0034] 

Deprotection is carried out as required in 
the reaction vessel 10. In the case of synthesizing 

[ 18 F]-FDG, the acetonitrile is distilled off in the 
reaction vessel 10, and the vessel is subsequently 
charged with HC1 and heated, whereby the [ 18 F] -TAFDG is 
hydrolyzed to form [ 18 F]-FDG. 

The obtained [ 18 F] -FDG is further purified 
using the ion-retardation resin column 11 and the 
purification column 12, to yield [ 18 F]-FDG. 

[0035] 
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The various radioactive-fluorine-labeled 
compounds produced by the present invention can be 
either intermediates or final products. That is, in 
the present invention, the term " radioactive-fluorine- 
labeled compound" refers to a compound bound with a 
[ 18 F] fluoride ion that was captured using the 
production process according to the present invention. 
Examples include [ 18 F]-FDG, fluorine compounds of amino 
acids and ethyleneglycol ditosylates and their 
intermediates and the like. Specific examples include 
[ 18 F]-FDG, intermediates of [ 18 F] -FMACBC ( f luoromethyl 
amino cyclobutane carboxylic acid) , intermediates of 
[ 18 F]-FACBC (fluoro amino cyclobutane carboxylic acid), 
intermediates of [ 18 F]-FET (fluoroethyl tyrosine), and 
intermediates of [ 18 F]-FEtOTs (fluoro tosyloxyethane) . 
[0036] 

The present invention will now be explained 
in further detail with reference to the below Examples 
and Comparative Examples according to the present 
invention. The present invention is, however, not 
limited to these Examples. 

The resins for labeled-compound synthesis 
used in the Examples were a TBP resin, product name: 
90808 (Tributylmethylphosphonium chloride polymer 
bound, manufactured by Fluka) ; a TBA resin, product 
name: 90806 (Tributylmethylammonium chloride polymer 
bound, manufactured by Fluka); and a 4-AP resin, 4-(4- 
methyl-l-piperidino) pyridinium f unctionalized 



. polystyrene resin (manufactured by GE, FDG MicroLab 
kit) . 

Example 1 
[0037] 

Effects of Carbon Dioxide Gas Using a TBP Resin 

[ 18 F] -TAFDG was produced according to the 
steps (1) to (6) described below. 

1) [ 18 0] water was subjected to proton 
irradiation in a cyclotron, whereby radioactive 
fluorine -18 ( [ 18 F] ) was formed according to the nuclear 
reaction ( ls O (p,n) 18 F) , to thereby obtain [ 18 0] water 
containing [ 18 F] fluoride ions. The radioactivity (a) 
of this water was measured. 

2) A solution of 1.8 M K 2 C0 3 was poured into a 
column (6 mm inner diameter), which was previously 
packed with the TBP resin in the amount shown in Table 
1, at a rate of 5 mL/min until the total amount of the 
solution thus poured reached 100 times as much as the 
amount of the resin to convert the resin into the 
carbonate form. The [ 18 0] water containing [ 18 F] 
fluoride ions obtained in step (1) was introduced in 
respective amounts of 0.1 mL and 10 mL at a rate of 2 
mL/min, whereby [ 18 F] fluoride ions were captured. The 
used [ 18 0] water was recovered into a vial, and the 
radioactivity (b) was measured. 

3) Acetonitrile was introduced for 1 minute 
under conditions of 24°C, 0.1 MPa pressure and 10 mL/min 
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of flow rate into the column in which the [ 18 F] fluoride 
ions were captured, whereby dehydration was performed. 
The radioactivity (c) of the used acetonitrile was 
measured . 

4) While heating the column to 95°C with an 
aluminum block heater, carbon dioxide gas was 
introduced under conditions of 0.1 MPa pressure and 500 
mL/min of flow rate into the column for 3 minutes, 
whereby the TBP resin was dried. 

5) A solution of 20 mg of TATM in 1.0 mL of 
acetonitrile was passed through the column, whereby the 
TATM and [ 18 F] fluoride ions were made to react. The 

1 8 

[ F] -TAFDG acetonitrile solution was recovered from the 
column downstream. The radioactivity (d) of the 
obtained [ 18 F] -TAFDG was measured. 

6) The [ 18 F] -TAFDG yield was calculated using the 
formula shown below from the respective radioactivities 
measured in the above steps. 

yield (%) = (d) / [ (a) - (b) - (c) ] x 100 
The radiochemical purity of the obtained 
[ 18 F] -TAFDG was determined by thin-layer chromatography 
(TLC) under the following conditions. A TLC chart is 
shown in Fig. 2. The obtained radiochemical purity 
value was 100%, thereby showing that [ 18 F] -TAFDG could 
be produced according to the present process. 
(TLC Conditions) 

Mobile Phase: chloroform/ethyl acetate = 4/1 
TLC Plate: Silica Gel 60F254 (product name, 
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film thickness: 0.25 mm, manufactured by E. Merck) 
Developing length: 10 cm 

[0038] 

For Comparative Example 1, yield was obtained 
5 by producing [ 18 F] -TAFDG under the same conditions as in 
Example 1, except that the carbon dioxide gas of the 
above step (4) was replaced with helium gas or nitrogen 
gas. However, • the [ 18 F] -TAFDG production using nitrogen 
gas was only carried out for the case in which 0.1 mL 
10 [ 18 0] water containing [ 18 F] fluoride ions was employed. 

The yield values in Example 1 and Comparative 
Example 1 are shown in Table 1. 
[0039] 



Table 1 



Resin 


Target Water 
Volume 


Resin 
Loading 


Example 1 


Comparative Example 1 


Carbon 
Dioxide Gas 


Helium Gas 


Nitrogen 
Gas 


TBP Resin 


0.1 mL 


0.1 mL 


94.8% 


83.7% 


85. 9% 


10 mL 


0.2 mL 


80.0% 


60.0% 


no data 



15 Example 2 
[0040] 

Effects of Carbon Dioxide Gas Using a TBA Resin 

Yield was obtained by producing [ i8 F] -TAFDG 
according to the same process as in Example 1, except 
20 that a TBA resin was used as the resin for labeled- 
compound synthesis . 

For Comparative Example 2, [ 18 F] -TAFDG was 
produced under the same conditions as in Example 2, 
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except that the carbon dioxide gas of step (4) was 
replaced with helium gas or nitrogen gas. However, the 
[ 18 F] -TAFDG production using nitrogen gas was only 
carried out for the case in which 10 mL [ 18 0] water 
5 containing [ 18 F] fluoride ions was employed. 

The yield values in Example 2 and Comparative 
Example 2 are shown in Table 2. 
[0041] 



Table 2 



Resin 


Target Water 
Volume 


Resin 
Loading 


Example 2 


Comparative Example 2 


Carbon 
Dioxide Gas 


Helium Gas 


Nitrogen 
Gas 


TBA Resin 


0.1 mL 


0.1 mL 


83.5% 


80.4% 


no data 


10 mL 


0.2 mL 


87.0% 


81.1% 


78.3% 



10 Example 3 
[0042] 

Effects of Carbon Dioxide Gas Using 4-AP Resin 

Yield was obtained by producing [ 18 F] -TAFDG 
according to the same process as in Example 1, except 
15 that a 4-AP resin was used as the resin for labeled- 
compound synthesis . 

For Comparative Example 3, [ 18 F] -TAFDG "was 
produced under the same conditions as in Example 3, 
except that the carbon dioxide gas of step (4) was 
20 replaced with helium gas or nitrogen gas. 

In Example 3, only the case employing 0 . 1 mL 
of [ 18 0] water containing [ 18 F] fluoride ions was carried 
out . 



The yield values in Example 3 and Comparative 
Example 3 are shown in Table 3. 
[0043] 

Table 3 



Resin 


Target Water 
Volume 


Resin 
Loading 


Example 3 


Comparative Example 3 


Carbon 
Dioxide Gas 


Helium Gas 


Nitrogen 
Gas 


4-AP Resin 


0.1 mL 


0 . 1 mL 


75.7% 


61.9% 


51.0% 



[0044] 

It can be seen from the results of Tables 1 
to 3 that, even where a small amount (0.1 mL) or a 
large amount (10 mL) of [ 18 0] water containing [ 18 F] 
fluoride ions was employed, the process for producing a 
labeled-radioactive-fluorine compound according to the 
present invention could attain labeled [ 18 F] -TAFDG at a 
clearly higher yield than when the inert gas of the 
Comparative Examples was employed. 

Those effects were especially pronounced in 
the effects from the 4-AP resin, whereby it can be seen 
from Table 3 that [ 18 F] -TAFDG could be produced at a 
yield 25% higher than that of the Comparative Example 
in which nitrogen gas was employed. Further, as shown 
in Table 1, the effects of carbon dioxide gas could be 
confirmed for a TBP resin as well, wherein in the 
example using 10 mL of target water an improved yield 
of as much as 20% was seen. Moreover, as shown in 
Table 2, the improvement in yield as a result of 
passing through carbon dioxide gas could be confirmed 
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for a TBA resin as well. 

It was confirmed from these results that by 
employing carbon dioxide gas, fluorine labeling yield 
could be improved even when using a large quantity of 
[ 18 0] water containing [ 18 F] fluoride ions. It was als 
confirmed that the case where production was carried 
out using a TBP resin had the highest yield. 



